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FACIAL IMAGE GENERATING METHOD , determination ; and updating parameters of the deep convo 
FACIAL IMAGE GENERATING APPARATUS , lutional network for facial image generation and the deep 

AND FACIAL IMAGE GENERATING convolutional network for demand determination based on 
DEVICE the demand satisfaction score . 

In addition , according to an embodiment of the present 
CROSS - REFERENCE TO RELATED disclosure , in the case of extracting the facial feature vector 

APPLICATION from the given facial image , the facial image generating 
method further comprises : generating a face matching score 

This application claims priority to Chinese patent appli based on the synthesized facial image and the given facial 
cation No. 201611008893.X filed on Nov. 16 , 2016 , the 10 image and by use of a first deep convolutional network for 
entire contents of which are incorporated herein by refer face determination ; and updating parameters of the deep 

convolutional network for facial feature extraction , the deep 
convolutional network for facial image generation , and the 

TECHNICAL FIELD first deep convolutional network for face determination 
15 based on the face matching score . 

The present disclosure relates to the technical field of In addition , according to an embodiment of the present 
facial image generation , and more particularly to a facial disclosure , in the case of randomly generating the facial 
image generating method , a facial image generating appa feature vector , the facial image generating method further 
ratus , and a facial image generating device . comprises : generating a face satisfaction score based on the 

20 synthesized facial image and by use of a second deep 
BACKGROUND convolutional network for face determination ; and updating 

parameters of the deep convolutional network for facial 
In the current facial image generation and facial recon image generation and the second deep convolutional net 

struction , a three - dimensional model is generated from a work for face determination based on the face satisfaction 
plurality of two - dimensional pictures of different view 25 score . 
angles , and then rendering is performed to obtain a new According to another aspect of the present disclosure , 
two - dimensional image . there is provided a facial image generating apparatus , com 

However , this method of obtaining a new two - dimen prising : a facial feature generating module configured to 
sional image based on a three - dimensional model has large generate an M - dimensional facial feature vector , M being an 
time - out and low efficiency , and it needs to use pictures of 30 integer larger than one ; a vector synthesizing module con 
different angles of the same individual to perform three figured to link the M - dimensional facial feature vector with 
dimensional modeling , which usually cannot be satisfied in an N - dimensional demanded feature vector to generate a 
practice . Moreover , this method can only be applied to synthesized feature vector , N being an integer larger than or 
generation of an image of an already - existing individual at equal to one ; and a synthesized facial image generating 
a different angle and with different lighting condition , and 35 module configured to generate a synthesized facial image by 
this method cannot generate a new facial image . use of a deep convolutional network for facial image gen 

Therefore , there is a need for a method and an apparatus eration and based on the synthesized feature vector . 
capable of not only reconstructing , based on a demanded In addition , according to an embodiment of the present 
feature , a facial image with the demanded feature from an disclosure , the facial image generating apparatus further 
existing facial image , but also generating a new facial image 40 comprises : a demand determining module configured to 
based on only the demanded feature without basing on the generate a demand satisfaction score based on the synthe 
existing facial image . sized facial image and the demanded feature vector and by 

use of a deep convolutional network for demand determi 
SUMMARY nation ; and a first parameter adjusting module configured to 

45 update parameters of the deep convolutional network for 
In view of the above problem , the present disclosure is facial image generation and the deep convolutional network 

proposed to provide a facial image generating method and a for demand determination based on the demand satisfaction 
facial image generating apparatus , a facial image is gener 
ated by use of a deep convolutional network for facial image In addition , according to an embodiment of the present 
generation based on a facial feature vector and a demanded 50 disclosure , in the case of extracting the facial feature vector 
feature vector , a facial image with a specific feature can be from the given facial image , the facial image generating 
generated without using the three - dimensional model . apparatus further comprises : a first face determining module 

According to an aspect of the present disclosure , there is configured to generate a face matching score based on the 
provided a facial image generating method , comprising : synthesized facial image and the given facial image and by 
generating an M - dimensional facial feature vector , M being 55 use of a first deep convolutional network for face determi 
an integer larger than one ; linking the M - dimensional facial nation ; and a second parameter adjusting module configured 
feature vector with an N - dimensional demanded feature to update parameters of the deep convolutional network for 
vector to generate a synthesized feature vector , N being an facial feature extraction , the deep convolutional network for 
integer larger than or equal to one ; and generating a syn facial image generation , and the first deep convolutional 
thesized facial image by use of a deep convolutional net- 60 network for face determination based on the face matching 
work for facial image generation and based on the synthe 
sized feature vector . In addition , according to an embodiment of the present 

In addition , according to an embodiment of the present disclosure , in the case of randomly generating the facial 
disclosure , the facial image generating method further com feature vector , the facial image generating apparatus further 
prises : generating a demand satisfaction score based on the 65 comprises : a second face determining module configured to 
synthesized facial image and the demanded feature vector generate a face satisfaction score based on the synthesized 
and by use of a deep convolutional network for demand facial image and by use of a second deep convolutional 

score . 

score . 
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network for face determination ; and a third parameter FIG . 1 is a schematic flowchart of a facial image gener 
adjusting module configured to update parameters of the ating method according to an embodiment of the present 
deep convolutional network for facial image generation and disclosure ; 
the second deep convolutional network for face determina FIG . 2 is a schematic diagram of the principle of gener 
tion based on the face satisfaction score . 5 ating a synthesized facial image based on a facial feature 

According to an embodiment of the present disclosure , vector and a demanded feature vector according to an 
there is provided a facial image generating device , compris embodiment of the present disclosure ; 
ing : one or more processors ; one or more memories for FIG . 3A is a schematic diagram of structure of a deep 
storing program instructions , the program instructions being convolutional network for facial image generation according 
executed by the processors to perform the following steps : 10 to an embodiment of the present disclosure ; 
generating an M - dimensional facial feature vector , M being FIG . 3B is another schematic diagram of structure of a 
an integer larger than one ; linking the M - dimensional facial deep convolutional network for facial image generation 
feature vector with an N - dimensional demanded feature according to an embodiment of the present disclosure ; 
vector to generate a synthesized feature vector , N being an FIG . 4A is a schematic diagram of structure of an inte 
integer larger than or equal to one ; and generating a syn- 15 grated convolutional neural network corresponding to FIG . 
thesized facial image by use of a deep convolutional net 3A according to an embodiment of the present disclosure ; 
work for facial image generation and based on the synthe FIG . 4B is a schematic diagram of structure of an inte 
sized feature vector . grated convolutional neural network corresponding to FIG . 

According to an embodiment of the present disclosure , a 3B according to an embodiment of the present disclosure ; 
facial image is generated by use of a deep convolutional 20 FIG . 4C is another schematic diagram of structure of an 
network for facial image generation and based on a facial integrated convolutional neural network corresponding to 
feature vector and a demanded feature vector , a facial image FIG . 3B according to an embodiment of the present disclo 
with a specific feature prescribed by the demanded feature sure ; 
vector can be generated fast without using the three - dimen FIG . 5A is a schematic diagram of the principle of facial 
sional model . 25 image generation and determination process according to a 

In addition , according to an embodiment of the present first embodiment of the present disclosure ; 
disclosure , after a synthesized facial image is generated , FIG . 5B is a schematic diagram of the principle of facial 
whether the generated synthesized facial image satisfies image generation and determination process according to a 
requirements of the demanded feature vector is determined second embodiment of the present disclosure ; 
and the corresponding demand satisfaction score is gener FIG . 6 is a schematic diagram of structure of a deep 
ated by use of the deep convolutional network for demand convolutional network for facial feature extraction accord 
determination , and further , parameters of the deep convo ing to the first embodiment of the present disclosure ; 
lutional network for facial image generation and the deep FIG . 7A is a schematic block diagram of structure of a first 
convolutional network for demand determination are deep convolutional network for face determination accord 
updated based on the demand satisfaction score , thereby the 35 ing to the first embodiment of the present disclosure ; 
deep convolutional network for facial image generation and FIG . 7B is a schematic block diagram of structure of a 
the deep convolutional network for demand determination second deep convolutional network for face determination 
can be trained in synchronization . according to the second embodiment of the present disclo 

In addition , according to an embodiment of the present sure ; 
disclosure , after a synthesized facial image is generated , 40 FIG . 8 is a schematic diagram of structure of a to - be 
whether the generated synthesized facial image is a facial determined feature vector extraction network according to 
image or whether the generated synthesized facial image and an embodiment of the present disclosure ; 
the given facial image belong to the same face is determined FIG . 9 is a schematic diagram of structure of a deep 
and the corresponding face satisfaction score or face match convolutional network for demand determination according 
ing score is generated by use of the deep convolutional 45 to an embodiment of the present disclosure ; 
network for face determination , and further , parameters of FIG . 10 is a schematic block diagram of a facial image 
the deep convolutional network for facial image generation generating apparatus according to an embodiment of the 
and the deep convolutional network for face determination present disclosure ; 
are updated based on the generated face satisfaction score or FIG . 11A is a schematic block diagram of a facial image 
the generated face matching score , thereby the deep convo- 50 generating and determining apparatus according to the first 
lutional network for facial image generation and the deep embodiment of the present disclosure ; 
convolutional network for face determination can be trained FIG . 11B is a schematic block diagram of a facial image 
in synchronization . generating and determining apparatus according to the sec 

ond embodiment of the present disclosure ; and 
BRIEF DESCRIPTION OF THE DRAWINGS FIG . 12 is a schematic block diagram of an electronic 

device in which a facial image generating and determining 
Through the more detailed description of the embodi apparatus according to an embodiment of the present dis 

ments of the present disclosure in combination with the closure is implemented . 
accompanying drawings , the above and other objects , fea 
tures , and advantages of the present disclosure will become 60 DETAILED DESCRIPTION OF THE 
more apparent . The drawings are shown to provide further EMBODIMENTS 
understanding for the embodiments of the present disclosure 
and constitute a portion of the specification , and are intended To make the objectives , technical solutions , and advan 
to illustrate the present disclosure together with the embodi tages of the present disclosure more clear , exemplary 
ments rather than to limit the present disclosure . In the 65 embodiments of the present disclosure will be described in 
drawings , the same reference sign generally refers to the detail with reference to the accompanying drawings . Obvi 
same component or step . ously , the described embodiments merely are part of the 

55 
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embodiments of the present disclosure , rather than all of the layer of fully connected neural network and K layers of 
embodiments of the present disclosure , it should be under integrated convolutional neural network , K being an integer 
stood that the present disclosure is not limited to the exem larger than or equal to two . The number of layers K of the 
plary embodiments described herein . All other embodiments integrated convolutional neural network is determined by a 
obtained by those skilled in the art without paying inventive 5 size of the synthesized facial image , the bigger the size of the 
efforts should all fall into the protection scope of the present synthesized facial image is , the higher the number of layers 
disclosure . K of the integrated convolutional neural network is . For 
FIG . 1 is a schematic flowchart of a facial image gener example , the size of the synthesized facial image is 256x 

ating method 100 according to an embodiment of the present 256 , the required number of layers of the integrated convo 
disclosure . 10 lutional neural network is 3 layers ; the size of the synthe 

In step S110 , an M - dimensional facial feature vector is sized facial image is 128x128 , the required number of layers 
generated , M being an integer larger than one . Preferably , of the integrated convolutional neural network is 2 layers . 
the facial feature vector is a high dimensional feature vector . As shown in FIG . 3A , the at least one layer of fully 

According to an embodiment of the present disclosure , connected neural network is used to receive the synthesized 
the facial feature vector may be extracted from a given facial 15 feature vector , and generate initial synthesized images based 
image . For example , the facial feature vector may be on the synthesized feature vector . Thereafter , a first layer of 
extracted from a given facial image by use of a deep integrated convolutional neural network receives the initial 
convolutional network for facial feature extraction accord synthesized images outputted from the at least one layer of 
ing to an embodiment of the present disclosure . Alterna fully connected neural network and generates synthesized 
tively , according to an embodiment of the present invention , 20 images of the first layer ; a k - th layer of integrated convo 
the facial feature vector may be randomly generated , and in lutional neural network receives synthesized images of a 
this case , the facial feature vector represents a randomly ( k - 1 ) -th layer outputted from the ( k - 1 ) -th layer of inte 
generated face . grated convolutional neural network and generates synthe 

For example , a value of each dimension of the M - dimen sized images of the k - th layer , k being an integer larger than 
sional facial feature vector is a real number in a range of ( -1 , 25 or equal to two and smaller than or equal to K , a size 
1 ) or a real number in a range of ( 0 , 1 ) . ( resolution ) of the synthesized images of the k - th layer is 

In step S120 , the M - dimensional facial feature vector is larger than a size ( resolution ) of the synthesized images of 
linked with an N - dimensional demanded feature vector to the ( k - 1 ) -th layer , and a number ( channel number ) of the 
generate a synthesized feature vector , N being an integer synthesized images of the k - th layer is smaller than a number 
larger than or equal to one . 30 ( channel number ) of the synthesized images of the ( k - 1 ) -th 

For example , a value of each dimension of the N - dimen layer ; last , a K - th layer of integrated convolutional neural 
sional demanded feature vector is a real number in a range network receives synthesized images of a ( K - 1 ) -th layer 
of ( -1 , 1 ) or a real number in a range of ( 0 , 1 ) , and represents outputted from a ( K - 1 ) -th layer of integrated convolutional 
a different demand , for example , whether glasses were worn , neural network and generates synthesized images of a K - th 
whether there are bangs , light intensity , face rotation angle 35 layer , and the synthesized images of the K - th layer is taken 
and so on . as the synthesized facial image . 

According to an embodiment of the present disclosure , As shown in FIG . 3B , the at least one layer of fully 
the M - dimensional facial feature vector is linked with an connected neural network is used to receive the synthesized 
N - dimensional demanded feature vector to generate an feature vector , and generate initial synthesized images based 
( M + N ) -dimensional synthesized feature For 40 on the synthesized feature vector . Thereafter , a first layer of 
example , the N - dimensional demanded feature vector may integrated convolutional neural network not only can receive 
be placed after the M - dimensional facial feature vector or the initial synthesized images from the at least one layer of 
before the M - dimensional facial feature vector , or may be fully connected neural network but also can receive initial 
inserted into the M - dimensional facial feature vector . mapped images generated by mapping from the demanded 

In step S130 , a synthesized facial image is generated by 45 feature vector , and generate synthesized images of the first 
use of a deep convolutional network for facial image gen layer based on the initial synthesized images and the initial 
eration and based on the synthesized feature vector . mapped images , a size of the initial synthesized images is 
FIG . 2 shows a schematic diagram of the principle of the same as a size of the initial mapped images ; likewise , a 

generating a synthesized facial image based on a facial k - th layer of integrated convolutional neural network not 
feature vector and a demanded feature vector according to 50 only can receive synthesized images of a ( k - 1 ) -th layer 
an embodiment of the present disclosure . outputted from the ( k - 1 ) -th layer of integrated convolutional 

First , the facial feature vector and the demanded feature neural network , but also can receive mapped images of the 
vector are linked to generate a synthesized feature vector . ( k - 1 ) -th layer generated by mapping from the demanded 
For example , an M - dimensional facial feature vector and an feature vector , and generate synthesized images of the k - th 
N - dimensional demanded vector feature are linked to gen- 55 layer based on the synthesized images of the ( k - 1 ) -th layer 
erate an ( M + N ) -dimensional synthesized feature vector . and the mapped images of the ( k - 1 ) -th layer , a size of the 
Thereafter , the deep convolutional network for facial image synthesized images of the ( k - 1 ) -th layer is the same as a size 
generation generates a synthesized facial image based on the of the mapped images of the ( k - 1 ) -th layer , a size ( resolu 
( M + N ) -dimensional synthesized feature vector . tion ) of the synthesized images of the k - th layer is larger than 
FIG . 3A shows a schematic diagram of structure of a deep 60 a size ( resolution ) of the synthesized images of the ( k - 1 ) -th 

convolutional network for facial image generation according layer , and a number ( channel number ) of the synthesized 
to an embodiment of the present disclosure , FIG . 3B shows images of the k - th layer is smaller than a number ( channel 
another schematic diagram of structure of a deep convolu number ) of the synthesized images of the ( k - 1 ) -th layer ; 
tional network for facial image generation according to an last , a K - th layer of integrated convolutional neural network 
embodiment of the present disclosure . 65 receives synthesized images of a ( K - 1 ) -th layer as outputted 
As shown in FIGS . 3A and 3B , the deep convolutional from the ( K - 1 ) -th layer of integrated convolutional neural 

network for facial image generation comprises at least one network , and also receives mapped images of the ( K - 1 ) -th 

vector . 
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layer generated by mapping from the demanded feature equal to two and smaller than or equal to J ; last , a J - th layer 
vector , and generates the synthesized images of the K - th of convolutional neural network receives intermediate 
layer based on the synthesized images of the ( K - 1 ) -th layer images of a ( J - 1 ) -th layer and generates intermediate images 
and the mapped images of the ( K - 1 ) -th layer , and the of the J - th layer , which is taken as synthesized images of the 
synthesized images of the K - th layer is taken as the synthe- 5 k - th layer outputted by the k - th layer of integrated convo 
sized facial image , a size of the synthesized images of the lutional neural network . 
( K - 1 ) -th layer is the same as a size of the mapped images For example , the amplification network amplifies the 
of the ( K - 1 ) th layer . received synthesized images of the ( k - 1 ) -th layer two times , As will be appreciated , the initial synthesized images that is , it is assumed that a size of the synthesized images of comprise a plurality of initial synthesized images , for 10 the ( k - 1 ) -th layer is 32x32 , then a size of the amplified example , 128 ( channels ) initial synthesized images with a 
size ( resolution ) of 32x32 ; the initial mapped images com images generated by the amplification network is 64x64 . It 

should be understood that , a number ( channel number ) of the prise N initial mapped images , each dimensional of the 
N - dimensional demanded feature vector corresponds to one amplified images generated by the amplification network is 
of the initial mapped images , separately . For example , a 15 the same as a number ( channel number ) the synthesized 
value of a certain dimension of the N - dimensional images of the ( k - 1 ) -th layer , and a number ( channel number ) 
demanded feature vector is a , then a value of each pixel of of the synthesized images of the k - th layer as generated by 
the corresponding initial mapped images with a size of the k - th layer of integrated convolutional neural network is 
32x32 is a . Hereinafter , for the sake of simplification and smaller than a number ( channel number ) of the synthesized 
uniformity , the initial synthesized images are referred to as 20 images of the ( k - 1 ) -th layer . For example , the number 
the synthesized images of the zero layer and the initial ( channel number ) of the synthesized images of the k - th layer 
mapped images is referred to as the mapped images of the as generated by the k - th layer of integrated convolutional 
zero layer . neural network is usually 1/2 , 1/3 and so on of the number 
As will be appreciated , any layer ( the k - th layer , k being ( channel number ) of the synthesized images of the ( k - 1 ) -th 

an integer larger than or equal to one and smaller than or 25 layer . 
equal to K ) of integrated convolutional neural network in the FIG . 4B shows a schematic diagram of structure of an 
K layers of integrated convolutional neural network can integrated convolutional neural network corresponding to generate the synthesized images of this layer based on the FIG . 3B according to an embodiment of the present disclo synthesized images received by it , or generate the synthe 
sized images of this layer based on the synthesized images 30 As shown in FIG . 4B , each layer of integrated convolu of the ( k - 1 ) -th layer and the mapped images of the ( k - 1 ) -th tional neural network comprises an amplification network layer received by it . In addition , it should be understood that , and J layers of convolutional neural networks , J being an the mapped images of the ( k - 1 ) -th layer also comprises N 
mapped images of the ( k - 1 ) -th layer , each dimension of the integer larger than or equal to two . Hereinafter , for conve 
N - dimensional demanded feature vector corresponds to one 35 nience of description , the integrated convolutional neural 
of the mapped images of the ( k - 1 ) -th layer , separately . network shown in FIG . 4B is referred to as the integrated 
FIG . 4A shows a schematic diagram of structure of an convolutional neural network of the k - th layer . 

integrated convolutional neural network corresponding to Corresponding to the deep convolutional neural network 
FIG . 3A according to an embodiment of the present disclo for facial image generation shown in FIG . 3B , the k - th layer 

40 of integrated convolutional neural network as shown in FIG . 
As shown in FIG . 4A , each layer of integrated convolu 4B receives synthesized images of a ( k - 1 ) -th layer and also 

tional neural network comprises an amplification network mapped images of the ( k - 1 ) -th layer , k being an integer 
and J layers of convolutional neural networks , J being an larger than or equal to one and smaller than or equal to K. 
integer larger than or equal to two . Hereinafter , for conve Specifically , the amplification network receives the synthe 
nience of description , the integrated convolutional neural 45 sized images of the ( k - 1 ) -th layer and the mapped images of 
network shown in FIG . 4A is referred to as the integrated the ( k - 1 ) -th layer , and amplifies the synthesized images of 
convolutional neural network of the k - th layer . the ( k - 1 ) -th layer and the mapped images of the ( k - 1 ) -th Corresponding to the deep neural network for facial layer to generate amplified images , thereafter a first layer of 
image generation shown in FIG . 3A , the integrated convo convolutional neural network receives the amplified images 
lutional neural network of the k - th layer as shown in FIG . 4A 50 and generates intermediate images of the first layer ; like receives synthesized images of a ( k - 1 ) -th layer , k being an wise , a j - th layer of convolutional neural network receives integer larger than or equal to one and smaller than or equal intermediate images of a ( -1 ) -th layer from the ( i - 1 ) -th to K. Specifically , the amplification network receives the 
synthesized images of the ( k - 1 ) -th layer and amplifies the layer of convolutional neural network and generates inter 

mediate images of a j - th layer , a size of the intermediate synthesized images of the ( k - 1 ) -th layer to generate ampli- 55 
fied images ; thereafter , a first layer of convolutional neural images of the j - th layer is the same as a size of the 
network receives the amplified images and generates inter intermediate images of the ( -1 ) -th layer , and a number 
mediate images of the first layer ; likewise , a j - th layer of ( channel number ) of the intermediate images of the j - th layer 
convolutional neural network receives intermediate images may be smaller than , equal to , or larger than a number 
of a ( j - 1 ) -th layer from the ( j - 1 ) -th layer of convolutional 60 ( channel number ) of the intermediate images of the ( j - 1 ) -th 
neural network and generates intermediate images of the j - th layer , j being an integer larger than or equal to two and 
layer , a size of the intermediate images of the j - th layer is the smaller than or equal to J ; last , a J - th layer of convolutional 
same as a size of the intermediate images of the ( -1 ) -th neural network receives intermediate images of an ( J - 1 ) -th 
layer , a number ( channel number ) of the intermediate layer and generates intermediate images of a J - th layer , the 
images of the j - th layer may be larger than , equal to , or 65 intermediate images of the J - th layer is taken as the synthe 
smaller than a number ( channel number ) of the intermediate sized images of the k - th layer outputted by the k - th layer of 
images of the ( j - 1 ) -th layer , j being an integer larger than or integrated convolutional neural network . 

sure . 
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FIG . 4C shows another schematic diagram of structure of plurality of small images outputted from the P - th layer of 
an integrated convolutional neural network corresponding to convolutional neural network and generate the facial feature 
FIG . 3B according to an embodiment of the present disclo vector . 

According to the first embodiment of the present disclo 
Different than inputting the mapped images of the ( k - 1 ) - 5 sure , after the deep convolutional neural network for facial 

th layer into the amplification network shown in FIG . 4B , the image generation generates the synthesized facial image , a mapped images of the ( k - 1 ) -th layer are inputted into the demand satisfaction score may be generated based on the first layer of convolutional neural network in FIG . 4C . In this synthesized facial image and the demanded feature vector by case , a size of the mapped images of the ( k - 1 ) -th layer is the use of a deep convolutional network for demand determi same as a size of the amplified images outputted by the 10 nation , so as to determine whether the synthesized facial amplification network . The first layer of convolutional neu 
ral network receives the amplified images and the mapped image satisfies requirements of the demanded feature vector . 
images of the ( k - 1 ) -th layer and generates intermediate In addition , further , parameters of the deep convolutional 
images of the first layer ; likewise a j - th layer of convolu network for facial feature extraction , the deep convolutional 
tional neural network receives intermediate images of a 15 network for facial image generation , and the deep convolu 
( -1 ) -th layer and generates intermediate images of the j - th tional network for demand determination may be updated 
layer , last , an J - th layer of convolutional neural network based on the demand satisfaction score . 
receives intermediate images of a ( J - 1 ) -th layer and gener In addition , according to the first embodiment of the 
ates intermediate images of the J - th layer , the intermediate present disclosure , after the deep convolutional neural net 
images of the J - th layer is taken as synthesized images of the 20 work for facial image generation generates the synthesized 
k - th layer outputted by the k - th layer of integrated convo facial image , a face matching score may be generated based 
lutional neural network . on the synthesized facial image and the given facial image 

Optionally , besides the first layer of convolutional neural by use of a deep convolutional network for face determina 
network , the mapped images of the ( k - 1 ) -th layer may be tion , so as to determine whether the synthesized facial image 
also inputted to any layer among the J layers of convolu- 25 and the given facial image belong to the same face . In 
tional neural network . It should be noted that , no matter the addition , further , parameters of the deep convolutional net 
mapped images of the ( k - 1 ) -th layer are inputted to which work for facial feature extraction , the deep convolutional layer of convolutional neural network , a size of the mapped network for facial image generation , and the deep convolu images of the ( k - 1 ) -th layer inputted to said layer is the tional network for face determination may be updated based same as a size of the intermediate images inputted to said 30 on the face matching score . layer . FIG . 5B shows a schematic diagram of the principle of According to an embodiment of the present disclosure , 
after the deep convolutional network for facial image gen facial image generation and determination process accord 
eration generates the synthesized facial image , the generated ing to a second embodiment of the present disclosure . 
facial image is further evaluated , and , optionally , parameters 35 In a second embodiment of the present disclosure , a facial 
of the deep convolutional network for facial image genera feature vector is generated randomly . 
tion and the deep convolutional network for face determi According to the second embodiment of the present 
nation can be updated according to an evaluation result . disclosure , after the deep convolutional neural network for 
FIG . 5A shows a schematic diagram of the principle of facial image generation generates the synthesized facial 

facial image generation and determination process accord- 40 image , a face satisfaction score may be generated based on 
ing to a first embodiment of the present disclosure . the synthesized facial image by use of a deep convolutional 

In a first embodiment of the present application , the facial network for face determination . In addition , further , param 
feature vector is extracted from a given facial image by use eters of the deep convolutional network for facial image 
of a deep convolutional network for facial feature extraction . generation and the deep convolutional network for face 
FIG . 6 shows a schematic diagram of structure of a deep 45 determination may be updated based on the face satisfaction 

convolutional network for facial feature extraction accord 
ing to the first embodiment of the present disclosure . In addition , according to the second embodiment of the 

According to the first embodiment of the present disclo present disclosure , after the deep convolutional neural net 
sure , the deep convolutional network for facial feature work for facial image generation generates the synthesized 
extraction comprises : P layers of convolutional neural net- 50 facial image , a demand satisfaction score may be generated 
work and at least one layer of fully connected neural based on the synthesized facial image and the demanded 
network , P being an integer larger than or equal to two . feature vector by use of the deep convolutional network for 
A first layer of convolutional neural network of the P demand determination , so as to determine whether the 

layers of convolutional neural network is used to receive the synthesized facial image satisfies requirements of the 
given facial image , the given facial image for example is 55 demanded feature vector . In addition , further , parameters of 
three ( channels ) given facial images with a size of 128x128 , the deep convolutional network for facial image generation 
for example , given facial images with a size of 128x128 in and the deep convolutional network for demand determina 
R channel , G channel , and B channel , a number ( channel tion may be updated based on the demand satisfaction score . 
number ) of the intermediate images generated by the first According to an embodiment of the present disclosure , a 
layer of convolutional neural network is bigger than a 60 gradient descent method may be used to update parameters 
number ( channel number ) of the given facial image , and a of each network , for example , back propagation algorithm 
size of the intermediate images generated by the first layer may be used to calculate a gradient of each parameter . 
of convolutional neural network is smaller than a size of the FIG . 7A shows a schematic block diagram of structure of 
given facial image , a P - th layer of convolutional neural a first deep convolutional network for face determination 
network outputs a plurality of small images , for example 128 65 according to the first embodiment of the present disclosure . 
small images whose size is 4x4 or 8x8 . Last , the at least one As shown in FIG . 7A , the first deep convolutional net 
layer of fully connected neural network is used to receive the work for face determination comprises a first to - be - deter 

score . 



sure . 

US 10,832,034 B2 
11 12 

mined feature vector extraction network , a second to - be neural network is connected to a first layer of fully con 
determined feature vector extraction network , and a fully nected neural network , the at least one fully connected 
connected neural network . neural network is cascaded , and a last layer of fully con 

The first to - be - determined feature vector extraction net nected neural network outputs a to - be - determined feature 
work is used to extract a first to - be - determined feature 5 vector . 
vector from the given facial image , the second to - be - deter The first to - be - determined feature vector extraction net 
mined feature vector extraction network is used to extract a work and the second to - be - determined feature vector extrac 
second to - be - determined feature vector from the synthesized tion network in FIG . 7A according to the first embodiment 
facial image , and the fully connected neural network is used of the present disclosure and the third to - be - determined 
to generate the face matching score based on the first 10 feature vector extraction network in FIG . 7B according to 
to - be - determined feature vector and the second to - be - deter the second embodiment of the present disclosure may adopt 
mined feature vector . the structure as shown in FIG . 8 . 

Parameters of the first to - be - determined feature vector Specifically , the first layer of convolutional neural net 
extraction network are the same as parameters of the second work of the first to - be - determined feature vector extraction 
to - be - determined feature vector extraction network , a 15 network in FIG . 7A is used to receive the given facial image 
dimension number of the first to - be - determined feature as its input image , and the last layer of fully connected 
vector is the same as a dimension number of the second neural network thereof outputs the first to - be - determined 
to - be - determined feature vector , but larger than a dimen feature vector ; the first layer of convolutional neural net 
sional number of the facial feature vector extracted by the work of the second to - be - determined feature vector extrac 
deep convolutional network for facial feature extraction 20 tion network in FIG . 7A is used to receive the synthesized 
from the given facial image . For example , the dimension facial image as its input image , and the last layer of fully 
number of the first to - be - determined feature vector and the connected neural network thereof outputs the second to - be 
dimension number of the second to - be - determined feature determined feature vector . 
vector both are 1000 dimensions , a value range of the face Specifically , the first layer of convolutional neural net 
matching score is a real number between 0 and 1 . 25 work of the third to - be - determined feature vector extraction 

FIG . 7B shows a schematic block diagram of structure of network in FIG . 7B is used to receive the synthesized facial 
a second deep convolutional network for face determination image as its input image , and the last layer of fully connected 
according to the second embodiment of the present disclo neural network thereof outputs the third to - be - determined 

feature vector . 
As shown in FIG . 7B , the second deep convolutional 30 FIG . 9 shows a schematic diagram of structure of a deep 

network for face determination comprises a third to - be convolutional network for demand determination according 
determined feature vector extraction network and a fully to an embodiment of the present disclosure . 
connected neural network . As shown in FIG . 9 , the deep convolutional network for 

The third to - be - determined feature vector extraction net demand determination according to an embodiment of the 
work is used to extract a third to - be - determined feature 35 present disclosure comprises layers of convolutional 
vector from the synthesized facial image , and the fully neural network and at least one layer of fully connected 
connected neural network is used to generate the face neural network . 
satisfaction score based on the third to - be - determined fea A first layer of convolutional neural network in the Q 
ture vector , wherein a dimension number of the third to - be layers of convolutional neural network is used to receive the 
determined feature vector is larger than a dimension number 40 synthesized facial image and the demanded mapped images , 
of the facial feature vector . a size of the demanded mapped images is the same as a size 

Parameters of the third to - be - determined feature vector of the synthesized facial image , the synthesized facial image 
extraction network in FIG . 7B may be the same as param comprises for example three ( channels ) synthesized facial 
eters of the second to - be - determined feature vector extrac images with a size of 128x128 , that is , the synthesized facial 
tion network in FIG . 7A , or the third to - be - determined 45 image with a size of 128x128 in R channel , the synthesized 
feature vector extraction network in FIG . 7B may be the facial image with a size of 128x128 in G channel , the 
same network as the second to - be - determined feature vector synthesized facial image with a size of 128x128 in B 
extraction network in FIG . 7A , but parameters of the fully channel , the demanded mapped images comprise N ( chan 
connected neural network in FIG . ZB are different than nels ) of demanded mapped images with a resolution of 
parameters of the fully connected neural network in FIG . 50 128x128 , each dimension in the N - dimensional demanded 
7A . feature vector corresponds to one of the demanded mapped 
FIG . 8 shows a schematic diagram of structure of a images , separately , and a value of each pixel in this 

to - be - determined feature vector extraction network accord demanded mapped image is the value of this dimension . A 
ing to an embodiment of the present disclosure . Q - th layer of convolutional neural network of the Q layers 

According to an embodiment of the present disclosure , a 55 of convolutional neural network outputs a plurality ( chan 
to - be - determined feature vector extraction network com nels ) of small images whose size is 4x4 or 8x8 . 
prises at least one layer of convolutional neural network , at Thereafter , the at least one layer of fully connected neural 
least one layer of locally connected convolutional neural network is used to generate a demand satisfaction score 
network , and at least one layer of fully connected neural based on the plurality of small images whose size is 4x4 or 
network . 60 8x8 . 
A first layer of convolutional neural network is used to In addition , in one exemplary implementation of the 

receive an input image , the at least one layer of convolu embodiment of the present disclosure , in the deep convolu 
tional neural network is cascaded , and a last layer of tional network for facial feature extraction , the deep con 
convolutional neural network is connected to a first layer of volutional network for facial feature generation , the inte 
locally connected convolutional neural network , the at least 65 grated convolutional neural network , the deep convolutional 
one layer of locally connected convolutional neural network network for face determination , the to - be - determined feature 
is cascaded , a last layer of locally connected convolutional vector extraction network , and the deep convolutional net 
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work for demand determination described above , a non feature obtaining module 1020 , a vector synthesizing mod 
linear function layer is nested on the last layer of convolu ule 1030 , a synthesized facial image generating module 
tional neural network in each of said networks , and except 1040 , a first face determining module 1150 , a second param 
the last layer of convolutional neural network in each of said eter adjusting module 1160 , a demand determining module 
networks , a normalized non - linear function layer is nested 5 1170 , and a first parameter adjusting module 1180 . 
on each layer of convolutional neural network in each of said The facial feature generating module 1110 is configured to 
networks . Those skilled in the art can implement such extract the facial feature vector from a given facial image 
non - linear function layer and such normalized non - linear and by use of a deep convolutional network for facial feature 
functional layer by using the relevant methods in the prior extraction . Structure of the deep convolutional network for 
art , no details are described here , and the present disclosure 10 facial feature extraction is as shown in FIG . 6 , no details are 
is not subject to limitations of specific normalization meth repeated here . 
ods and non - linear functions . The embodiment using this The first face determining module 1150 is configured to 
exemplary implementation has better technical effect in generate a face matching score based on the synthesized 
comparison to other embodiments , i.e. the synthesized face facial image and the given facial image and by use of a first 
satisfies particular requirements much more . 15 deep convolutional network for face determination , so as to 
FIG . 10 shows a schematic block diagram of a facial determine whether the synthesized facial image and the 

image generating apparatus according to an embodiment of given facial image belong to the same face . Structure of the 
the present disclosure . deep convolutional network for face determination is as 
A facial image generating apparatus 1000 according to an shown in FIGS . 7A and 8 , no details are repeated here . 

embodiment of the present disclosure comprises a facial 20 The demand determining module 1170 is configured to 
feature generating module 1010 , a demanded feature obtain generate a demand satisfaction score based on the synthe 
ing module 1020 , a vector synthesizing module 1030 , and a sized facial image and the demanded feature vector and by 
synthesized facial image generating module 1040 . use of a deep convolutional network for demand determi 
The facial feature generating module 1010 is configured nation , so as to determine whether the synthesized facial 

to generate an M - dimensional facial feature vector , M being 25 image satisfies requirements of the demanded feature vector . 
an integer larger than one . According to an embodiment of Structure of the deep convolutional network for demand 
the present disclosure , the facial feature vector may be determination is as shown in FIG . 9 , no details are repeated 
extracted from a given facial image . For example , the deep here . 
convolutional network for facial feature extraction accord The second parameter adjusting module 1160 is config 
ing to an embodiment of the present disclosure may be used 30 ured to update parameters of the deep convolutional network 
to extract the facial feature vector from a given facial image . for facial feature extraction , the deep convolutional network 
Alternatively , according to an embodiment of the present for facial image generation , and the first deep convolutional 
disclosure , the facial feature vector may be generated ran network for face determination based on the face matching 
domly , in this case , the facial feature vector represents a score . According to an embodiment of the present disclo randomly generated face . 35 sure , the second parameter adjusting module 1160 may use 
The demanded feature obtaining module 1020 is config a gradient descent method or the like to update parameters 

ured to obtain an N - dimensional demanded feature vector , N of the respective networks . 
being an integer larger than or equal to one . For example , a The first parameter adjusting module 1180 is configured 
value of each dimension of the N - dimensional demanded to update parameters of the deep convolutional network for 
feature vector is a real number in a range of ( -1,1 ) or a real 40 facial image generation and the deep convolutional network 
number in a range of ( 0,1 ) , and represents a different for demand determination based on the demand satisfaction 
demand , for example , whether glasses were worn , whether score . According to an embodiment of the present disclo 
there are bangs , light intensity , face rotation angle and so on . sure , the first parameter adjusting module 1180 may use a 

The vector synthesizing module 1030 is configured to link gradient descent method or the like to update parameters of 
the M - dimensional facial feature vector with the N - dimen- 45 the respective networks . 
sional demanded feature vector to generate a synthesized FIG . 11B shows a schematic block diagram of a facial 
feature vector . According to an embodiment of the present image generating and determining apparatus according to 
disclosure , the M - dimensional facial feature vector is linked the second embodiment of the present disclosure . 
with the N - dimensional demanded feature vector to generate The facial image generating and determining apparatus 
an ( M + N ) -dimensional synthesized feature vector . For 50 according to an embodiment of the present disclosure com 
example , the N - dimensional demanded feature vector may prises a facial feature generating module 1115 , a demanded 
be placed after the M - dimensional facial feature vector or feature obtaining module 1020 , a vector synthesizing mod 
before M - dimensional facial feature vector , or may be ule 1030 , a synthesized facial image generating module 
inserted into the M - dimensional facial feature vector . 1040 , a second face determining module 1155 , a third 

The synthesized facial image generating module 1040 is 55 parameter adjusting module 1165 , a demand determining 
configured to generate a synthesized facial image by use of module 1170 , and a first parameter adjusting module 1180 . 
a deep convolutional network for facial image generation The facial feature generating module 1115 is configured to 
and based on the synthesized feature vector . Structure of the randomly generate the facial feature vector . 
deep convolutional network for facial image generation is as The second face determining module 1155 is configured 
shown in FIGS . 3A and 3B , no more details are repeated 60 to generate a face satisfaction score based on the synthesized 
here . facial image and by use of a second deep convolutional 
FIG . 11A shows a schematic block diagram of a facial network for face determination , so as to determine whether 

image generating and determining apparatus according to the synthesized facial image is a facial image . Structure of 
the first embodiment of the present disclosure . the deep convolutional network for face determination is as 

The facial image generating and determining apparatus 65 shown in FIGS . 7A and 8 , no details are repeated here . 
according to an embodiment of the present disclosure com The demand determining module 1170 is configured to 
prises a facial feature generating module 1110 , a demanded generate a demand satisfaction score based on the synthe 
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sized facial image and the demanded mapped images gen tus as described above , and the face image generating and 
erated from the demanded feature vector and by use of a determining method and apparatus as described above , and 
deep convolutional network for demand determination , so as the deep convolutional network for facial feature extraction , 
to determine whether the synthesized facial image satisfies the deep convolutional network for facial image generation , 
requirements of the demanded feature vector . Structure of 5 the deep convolutional network for face determination , and 
the deep convolutional network for demand determination is the deep convolutional network for demand determination in 
as shown in FIG . 9 , no details are repeated here . particular as described above . 

The third parameter adjusting module 1165 is configured As will be appreciated , according to an embodiment of the 
to update parameters of the deep convolutional network for present disclosure , a facial image is generated by use of a 
facial image generation and the second deep convolutional 10 deep convolutional network for facial image generation and 
network for face determination based on the face satisfaction based on a facial feature vector and a demanded feature 
score . According to an embodiment of the present disclo vector , so a facial image with a specific feature prescribed by 
sure , the third parameter adjusting module 1165 may use a the demanded feature vector can be generated fast without 
gradient descent method or the like to update parameters of using the three - dimensional model . 
the respective networks . In addition , according to an embodiment of the present 

The first parameter adjusting module 1180 is configured disclosure , after a synthesized facial image is generated , 
to update parameters of the deep convolutional network for whether the generated synthesized facial image satisfies 
facial image generation and the deep convolutional network requirements of the demanded feature vector is determined 
for demand determination based on the demand satisfaction and the corresponding demand satisfaction score is gener 
score . According to an embodiment of the present disclo- 20 ated by use of the deep convolutional network for demand 
sure , the first parameter adjusting module 1180 may use a determination , and further , parameters of the deep convo 
gradient descent method or the like to update parameters of lutional network for facial image generation and the deep 
the respective networks . convolutional network for demand determination are 

FIG . 12 shows a schematic block diagram of structure of updated based on the demand satisfaction score , thereby the 
an electronic device in which a facial image generating and 25 deep convolutional network for facial image generation and 
determining apparatus according to an embodiment of the the deep convolutional network for demand determination 
present disclosure is implemented . can be trained in synchronization . 

The electronic device comprises one or more processors In addition , according to an embodiment of the present 
1210 , a memory device 1220 , an input device 1230 , and an disclosure , after a synthesized facial image is generated , 
output device 1240 , these components are interconnected 30 whether the generated synthesized facial image is a facial 
via a bus system 1280 and / or other forms of connection image or whether the generated synthesized facial image and 
mechanism ( not shown ) . It should be noted that the com the given facial image belong to the same face is determined 
ponents and structure of the electronic device shown in FIG . and the corresponding face satisfaction score or face match 
12 are merely exemplary , rather than restrictive , the elec ing score is generated by use of the deep convolutional 
tronic device may also have other components and structures 35 network for face determination , and further , parameters of 
as desired . the deep convolutional network for facial image generation 

The processor 1210 may be a central processing unit and the deep convolutional network for face determination 
( CPU ) or other forms of processing unit having data pro are updated based on the generated face satisfaction score or 
cessing capability and / or instruction executing capability . the generated face matching score , thereby the deep convo 

The storage device 1220 may include one or more com- 40 lutional network for facial image generation and the deep 
puter program products , the computer program product may convolutional network for face determination can be trained 
include various forms of computer readable storage in synchronization . 
medium , such as volatile memory and / or non - volatile Although the exemplary embodiments of the present 
memory . The volatile memory may include , for example , disclosure have been described with reference to the draw 
random access memory ( RAM ) and / or cache . The non- 45 ings , as will be appreciated , the above exemplary embodi 
volatile memory may include , for example , read only ments are only illustrative , not intended to limit the protec 
memory ( ROM ) , hard disk , flash memory . One or more tion scope of the present disclosure . Those of ordinary skill 
computer program instructions may be stored on the com in the art may make many changes , modifications , thereto 
puter - readable storage medium , and the processor 1210 can without departing from the principle and spirit of the present 
run the program instructions to implement the functions 50 disclosure , and all of these changes , modifications should 
described above in the embodiments of the present disclo fall into the protection scope of the present disclosure . 
sure ( implemented by the processor ) and / or other intended What is claimed is : 
functions . Various applications and data , such as the given 1. A facial image generating method , comprising : 
face image , the synthesized facial image , the demanded generating an M - dimensional facial feature vector , M 
feature vector etc. , as well as various data used and / or 55 being an integer larger than one ; 
generated by the applications , may also be stored in the linking the M - dimensional facial feature vector with an 
computer - readable storage medium . N - dimensional demanded feature vector to generate an 

The input device 1230 may include a device for inputting ( M + N ) -dimensional synthesized feature vector , N 
the given facial image or the demanded feature vector , such being an integer larger than or equal to one ; and 
as a keyboard . generating a synthesized facial image by use of a deep 

The output device 1240 may include a display to output convolutional network for facial image generation and 
the synthesized facial image and / or various score results , based on the synthesized feature vector , 
and may also include a speaker or the like to output various wherein generating the facial feature vector comprises : 
score results . extracting the facial feature vector from a given facial 

The computer program instructions stored in the storage 65 image by use of a deep convolutional network for 
device 1220 can be executed by the processor 1210 to facial feature extraction ; or 
implement the facial image generating method and appara randomly generating the facial feature vector , 

60 
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wherein the deep convolutional network for facial feature vector and generating synthesized images of a k - th 
extraction comprises : layer by use of the k - th layer of integrated convolu 
P layers of convolutional neural network and at least tional neural network , a size of the synthesized images 

one layer of fully connected neural network , P being of the ( k - 1 ) -th layer being the same as a size of the 
an integer larger than or equal to two , mapped images of the ( k - 1 ) -th layer , a size of the 

wherein a first layer of convolutional neural network is synthesized images of the k - th layer being larger than 
used to receive the given facial image , the at least a size of the synthesized images of the ( k - 1 ) -th layer , one layer of fully connected neural network is used and a number of the synthesized images of the k - th to receive images outputted from a P - th layer of layer being smaller than a number of the synthesized convolutional neural network and generate the facial 10 images of the ( k - 1 ) -th layer , feature vector . wherein each dimension of the N - dimensional demanded 2. The facial image generating method according to claim 

1 , wherein the deep convolutional network for facial image feature vector is mapped as one of the N initial mapped 
generation comprises at least one layer of fully connected images and also mapped as one of N mapped images of 
neural network and K layers of integrated convolutional 15 the ( k - 1 ) -th layer , k being an integer larger than or 
neural network , each layer of integrated convolutional neu equal to two and smaller than or equal to K , 
ral network comprising an amplification network and J wherein synthesized images of a K - th layer as outputted 
layers of convolutional neural network , K being an integer from the K - th layer of integrated convolutional neural 
larger than or equal to two , and I being an integer larger than network is taken as the synthesized facial image . 
or equal to two . 5. The facial image generating method according to claim 

3. The facial image generating method according to claim 1 , further comprising : 
2 , wherein generating the synthesized facial image by use of generating a demand satisfaction score based on the 
the deep convolutional network for facial image generation synthesized facial image and the demanded feature 
and based on the synthesized feature vector comprises : vector and by use of a deep convolutional network for 

generating initial synthesized images by use of the at least 25 demand determination , and 
one layer of fully connected neural network and based updating parameters of the deep convolutional network 
on the synthesized feature vector ; for facial image generation and the deep convolutional receiving the initial synthesized images and generating network for demand determination based on the 
synthesized images of a first layer by use of the first demand satisfaction score . 
layer of integrated convolutional neural network , a 30 6. The facial image generating method according to claim number of the synthesized images of the first layer 5 , wherein in the case of extracting the facial feature vector being smaller than a number of the initial synthesized from a given facial image , the facial image generating images ; and 

receiving synthesized images outputted from a ( k - 1 ) -th method further comprises : 
layer of integrated convolutional neural network and 35 generating a face matching score based on the synthesized 
generating synthesized images of a k - th layer by use of facial image and the given facial image and by use of 
the k - th layer of integrated convolutional neural net a first deep convolutional network for face determina 
work , k being an integer larger than or equal to two and tion ; and 
smaller than or equal to K , a size of the synthesized updating parameters of the deep convolutional network 
images of the k - th layer being larger than a size of the 40 for facial feature extraction , the deep convolutional 
synthesized images of the ( k - 1 ) -th layer , and a number network for facial image generation , and the first deep 
of the synthesized images of the k - th layer being convolutional network for face determination based on 
smaller than a number of the synthesized images of the the face matching score . 
( k - 1 ) -th layer , 7. The facial image generating method according to claim 

wherein synthesized images of a K - th layer as outputted 45 5 , wherein in the case of randomly generating the facial 
from the K - th layer of integrated convolutional neural feature vector , the facial image generating method further 
network is taken as the synthesized facial image . comprises : 

4. The facial image generating method according to claim generating a face satisfaction score based on the synthe 2 , wherein generating the synthesized facial image by use of sized facial image and by use of a second deep con the deep convolutional network for facial image generation 50 volutional network for face determination ; and and based on the synthesized feature vector comprises : updating parameters of the deep convolutional network generating initial synthesized images by use of the at least for facial image generation and the second deep con one layer of fully connected neural network and based volutional network for face determination based on the on the synthesized feature vector ; face satisfaction score . receiving the initial synthesized images and N initial 55 
mapped images generated as mapping from the N - di 8. The facial image generating method according to claim 
mensional demanded feature vector and generating 6 , wherein the first deep convolutional network for face 
synthesized images of a first layer by use of the first determination comprises a first to - be - determined feature 
layer of integrated convolutional neural network , a size vector extraction network , a second to - be - determined fea 
of the initial synthesized images being the same as a 60 ture vector extraction network , and a fully connected neural 
size of the initial mapped images , a number of the network , 
synthesized images of the first layer being smaller than wherein the first to - be - determined feature vector extrac 
a number of the initial synthesized images ; and tion network is used to extract a first to - be - determined 

receiving synthesized images outputted from a ( k - 1 ) -th feature vector from the given facial image ; 
layer of integrated convolutional neural network and N 65 the second to - be - determined feature vector extraction 
mapped images of the ( k - 1 ) -th layer generated as network is used to extract a second to - be - determined 
mapping from the N - dimensional demanded feature feature vector from the synthesized facial image ; 
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the fully connected neural network is used to generate the demanded feature vector to generate an ( M + N ) -dimen 
face matching score based on the first to - be - determined sional synthesized feature vector , N being an integer 
feature vector and the second to - be - determined feature larger than or equal to one ; and 
vector , a synthesized facial image generating module configured 

wherein parameters of the first to - be - determined feature 5 to generate a synthesized facial image by use of a deep 
vector extraction network are the same as parameters of convolutional network for facial image generation and 
the second to - be - determined feature vector extraction based on the synthesized feature vector . 
network , a dimension number of the first to - be - deter 12. A facial image generating device , comprising : 
mined feature vector is the same as a dimension num one or more processors ; ber of the second to - be - determined feature vector , but 10 one or more memories for storing program instructions , larger than a dimensional number of the facial feature the program instructions being executed by the proces vector . 

9. The facial image generating method according to claim sors to perform the following steps : 
7 , wherein the second deep convolutional network for face generating an M - dimensional facial feature vector , M 
determination comprises a third to - be - determined feature 15 being an integer larger than one ; 
vector extraction network and a fully connected neural linking the M - dimensional facial feature vector with an 
network , N - dimensional demanded feature vector to generate 

the third to - be - determined feature vector extraction net an ( M + N ) -dimensional synthesized feature vector , N 
work is used to extract a third to - be - determined feature being an integer larger than or equal to one ; and 
vector from the synthesized facial image , generating a synthesized facial image by use of a deep 

the fully connected neural network is used to generate the convolutional network for facial image generation and 
face satisfaction score based on the third to - be - deter based on the synthesized feature vector , 
mined feature vector , wherein generating the facial feature vector comprises : 

wherein a dimension number of the third to - be - deter extracting the facial feature vector from a given 
mined feature vector is larger than a dimension number 25 facial image by use of a deep convolutional net 
of the facial feature vector . work for facial feature extraction ; or 

10. The facial image generating method according to randomly generating the facial feature vector , 
claim 8 , wherein each of the to - be - determined feature vector wherein in the case of extracting the facial feature 
extraction networks comprises at least one layer of convo vector from the given facial image , the processors 
lutional neural network , at least one layer of locally con- 30 execute the program instructions further for : 
nected convolutional neural network , and at least one layer generating a face matching score based on the syn 
of fully connected neural network , thesized facial image and the given facial image 

wherein a first layer of convolutional neural network is and by use of a first deep convolutional network 
used to receive an input image of the to - be - determined for face determination , and 
feature vector extraction network , the at least one layer 35 updating parameters of the deep convolutional net 
of convolutional neural network is cascaded , and a last work for facial feature extraction , the deep con 
layer of convolutional neural network is connected to a volutional network for facial image generation , 
first layer of locally connected convolutional neural and the first deep convolutional network for face 
network , the at least one layer of locally connected determination based on the face matching score ; 
convolutional neural network is cascaded , a last layer 40 
of locally connected convolutional neural network is in the case of randomly generating the facial feature 
connected to a first layer of fully connected neural vector , the processors execute the program instruc 
network , the at least one fully connected neural net tions further for : 
work is cascaded , and a last layer of fully connected generating a face satisfaction score based on the 
neural network outputs a to - be - determined feature vec- 45 synthesized facial image and by use of a second 
tor of the to - be - determined feature vector extraction deep convolutional network for face determina 
network . tion ; and 

11. A facial image generating apparatus , comprising : updating parameters of the deep convolutional net 
a facial feature generating module configured to : work for facial image generation and the second 

generate an M - dimensional facial feature vector , M 50 deep convolutional network for face determina 
being an integer larger than one , and tion based on the face satisfaction score . 

extract the facial feature vector from a given facial 13. The facial image generating device according to claim 
image by use of a deep convolutional network for 12 , wherein the deep convolutional network for facial image 
facial feature extraction , generation comprises at least one layer of fully connected 

wherein the deep convolutional network for facial 55 neural network and K layers of integrated convolutional 
feature extraction comprises : neural network , each layer of integrated convolutional neu 
P layers of convolutional neural network and at least ral network comprising an amplification network and J 

one layer of fully connected neural network , P layers of convolutional neural network , K being an integer 
being an integer larger than or equal to two , larger than or equal to two , and J being an integer larger than 

wherein a first layer of convolutional neural network is 60 or equal to two . 
used to receive the given facial image , the at least 14. The facial image generating device according to claim 
one layer of fully connected neural network is used 13 , wherein generating the synthesized facial image by use 
to receive images outputted from a P - th layer of of the deep convolutional network for facial image genera 
convolutional neural network and generate the facial tion and based on the synthesized feature vector comprises : 
feature vector ; generating initial synthesized images by use of the at least 

a vector synthesizing module configured to link the M - di one layer of fully connected neural network and based 
mensional facial feature vector with an N - dimensional on the synthesized feature vector ; 

or 
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receiving the initial synthesized images and generating receiving synthesized images outputted from a ( k - 1 ) -th 
synthesized images of a first layer by use of the first layer of integrated convolutional neural network and N 
layer of integrated convolutional neural network , a mapped images of the ( k - 1 ) -th layer generated as 
number of the synthesized images of the first layer mapping from the N - dimensional demanded feature 
being smaller than a number of the initial synthesized 5 vector and generating synthesized images of a k - th 
images ; and layer by use of the k - th layer of integrated convolu receiving synthesized images outputted from a ( k - 1 ) -th tional neural network , a size of the synthesized images layer of integrated convolutional neural network and of the ( k - 1 ) -th layer being the same as a size of the generating synthesized images of a k - th layer by use of mapped images of the ( k - 1 ) -th layer , a size of the the k - th layer of integrated convolutional neural net- 10 synthesized images of the k - th layer being larger than work , k being an integer larger than or equal to two and 
smaller than or equal to K , a size of the synthesized a size of the synthesized images of the ( k - 1 ) -th layer , 
images of the k - th layer being larger than a size of the and a number of the synthesized images of the k - th 
synthesized images of the ( k - 1 ) -th layer , and a number layer being smaller than a number of the synthesized 
of the synthesized images of the k - th layer being 15 images of the ( k - 1 ) -th layer , 
smaller than a number of the synthesized images of the wherein each dimension of the N - dimensional demanded 
( k - 1 ) -th layer , feature vector is mapped as one of the N initial mapped 

wherein synthesized images of a K - th layer as outputted images and also mapped as one of N mapped images of 
from the K - th layer of integrated convolutional neural the ( k - 1 ) -th layer , k being an integer larger than or 
network is taken as the synthesized facial image . equal to 2 and smaller than or equal to K , 

15. The facial image generating device according to claim wherein synthesized images of a K - th layer as outputted 
13 , wherein generating a synthesized facial image by use of from the K - th layer of integrated convolutional neural 
a deep convolutional network for facial image generation network is taken as the synthesized facial image . 
and based on the synthesized feature vector comprises : 16. The facial image generating device according to claim 

generating an initial synthesized images by use of the at 25 12 , wherein the processors execute the program instructions 
least one layer of fully connected neural network and further for : 
based on the synthesized feature vector ; generating a demand satisfaction score based on the receiving the initial synthesized images and N initial synthesized facial image and the demanded feature mapped images generated as mapping from the N - di vector and by use of a deep convolutional network for mensional demanded feature vector and generating 30 demand determination , and synthesized images of a first layer by use of the first 
layer of integrated convolutional neural network , a size updating parameters of the deep convolutional network 
of the initial synthesized images being the same as a for facial image generation and the deep convolutional 
size of the initial mapped images , a number of the network for demand determination based on the 

demand satisfaction score . synthesized images of the first layer being smaller than 35 
a number of the initial synthesized images ; and 
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